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In planning the design of equipment for low-temperature use, one is confronted 
with the basic material decision influenced by various compilations of properties 
available in industrial literature. Where the thermal and mechanical properties are 
not readily available, their preliminary estimates can be made using the simplified 
analytical methods [100]. 


THERMAL EFFECT ON STRENGTH 

It should be recalled that in the majority of cases of solid materials, which do not 
undergo transitions, their strength in tension, hardness, and resistance to fatigue 
increase with a decrease in service temperature. This rule applies without reser¬ 
vation to such metals as aluminum, copper, nickel alloys, and austenitic stainless 
steels. In the case of ordinary carbon steels, however, the advantages of improved 
properties are seriously compromised by the materials’ tendency to become brittle. 

To get some idea as to the variation of strength properties at low temperatures, 
Fig. 17.1 shows the dependence of ultimate tensile strength on temperature for a 
few selected metals. The curves represent the upper and lower boundaries corre¬ 
sponding to the cold-worked and annealed test specimens [102]. The properties are 
plotted against temperature in Kelvin degrees. 

There is only a limited amount of data on the low-temperature properties of 
plastics. However, it is known that when a large piece of unreinforced plastic is 
suddenly cooled, the resulting thermal shock can cause cracking. Many plastics, 
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Fig. 17.1 Low-temperature ultimate strength of metals: (1) 304 stainless; (2) 347 stain¬ 
less; (3) 2024 aluminum; (4) 6061 aluminum. Solid curves, cold-worked; dashed curves, 
annealed. 



